Under natural conditions in winter in Zhangjiakouarea, taking hollow glass (3+12+3mm) window as an example, the influence of external windows on indoor thermal environment under natural conditions in winter was simulated, and the cold radiation condition of external windows after adding external thermal insulation curtain was also simulated using DO radiation model in CFD. The simulation results showed that the exterior windows have a strong cold radiation effect on the indoor thermal environment in the winter night in Zhangjiakou area. The effect of cold radiation can strengthen indoor air natural convection, and enhance the convection heat transfer between external windows and indoor warm air, and then results in heat loss. After installing external thermal insulation curtain, the total heat loss is reduced by 48%, which can effectively improve the cold radiation effect of external window glass. The spatial distribution of temperature and heat flux on the inner surface of the outer window is simulated and analyzed in order to provide reference for the evaluation of indoor thermal environment and energy consumption of the outer window. 
INTRODUCTION
In the enclosure structure, the cold radiation of external windows is especially prominent [1] . For external window glass, a lot of researches at home and abroad mainly focus on improving its heat transfer characteristics from the angle of glass structure and the glass material [2] [3] [4] . Huicun, Wang Yuanqing, et al [5] respectively established numerical calculation models for single-layer glass and hollow glass to analyze the heat transfer process of glass, and gave the formula of U value. At the same time, the influence of glass thickness and gas sandwich thickness on U value of glass was calculated by numerical iteration method.Hu Songtao, et al. [12] studied the cross-effect of compound heat transfer process of double-deck outer windows. Using irreversible thermodynamic analysis, it was found that that the cross-effect between radiations heat transfer and natural convection heat transfer was the main factor of heat transfer process of outer windows without considering solar radiation. Reducing the natural convection of the air between the double deck glasses can improve the insulation performance of external windows. Chow K and Hold A E [7] gave out that in residential buildings even only 2℃ temperature difference between the walls, the radiation heat transfer still cannot be allowed to ignore, or the temperature simulation of the room will be overestimated.
In the paper, the exterior windows are included in the whole building model and also included in the simulation domain. The Fluent software was used to simulate the influence of exterior windows cold radiation in winter night on indoor thermal environment and the improvement of cold radiation phenomenon of external windows after adding external thermal insulation curtain.
NUMERICALMODEL

Physical Model
The room is located in Zhangjiakou, which is in the cold region, the entire wall material of the experimental chamber is color steel foam board with good thermal insulation performance. The chamber width is2.0m, the depth is 4.0m, the height is 2.4m, and its area is about 8.4m2. 3+12A+3mm ordinary hollow glass was adopted in the exterior windows, the length is 1.5m and the height is 1.2m.The glass is ordinary float glass and its surface hemispheric emissivity is 0.837.
To facilitate calculation, the model is simplified as follows: (1) Because the glass and the upper and lower sides of the sandwich have less heat transfer, the simulation is regarded as adiabatic condition.
(2) The heat conductivity coefficient of glass is assumed to be constant. (3) The radiation coefficient of glass surface is assumed to be constant, and is 0.84.
(4) The air inside the hollow glass satisfies the Boussinesq fluid.
The air heat conductivity coefficientis 0.028W/(m·k),which is 1/27 of glass thermal conductivity of 0.76W/(m·k). In other words, the heat conduction of air in the interlayer only occupies a small proportion in the heat transfer of the entire interlayer. Therefore, the heat conduction of the interlayer gas is not calculated separately, but the heat is coupled to convective heat transfer and compared with radiation heat transfer. 
Numerical Simulation Conditions
Outdoor temperature was set as-18℃ and -25℃respectively, and the indoor temperature takes winter heating and indoor design temperature is 18℃.The research focuses on the cold radiation at night, in order to avoid the interference of sunlight, the influence of solar radiation was not considered. The implicit model based on pressure was adopted, and the k-e equation was used with opening the gravity model and y=-9.8m/s2. DO model was used as the radiation equation and the pressure-velocity coupling algorithm was used by SIMPLEC algorithm. First order upwind equation and PRESTO was adopted in the simulation model. The boundary condition of outside window were set as follows, taking the outdoor temperature25℃for example, the convective heat transfer coefficient of the outer surface of the glass is hc=19.7 W/m2·k, the free fluid temperature is -25℃, and the average outdoor radiation temperature is -25℃.Convective heat transfer coefficient of the inner surface of the glass is hc=3.6W/m2·k, the free fluid temperature is-18℃,and the average outdoor radiation temperature is -18℃.
SIMULATION RESULTS
The radiation effects of external glass window on indoor thermal environment is analyzed by taking the velocity distribution of the middle section in the chamber opening direction and the section temperature distribution in the chamber high direction about the top of human head and ankle. The simulation results were compared when the outdoor air temperature is -18℃ and -25℃respectively. Figure 1a . Outdoor temperature is -25℃. When the outside air temperature is -18℃, from figure 1b and figure 2b we can see that when people is close to the external window, temperature difference between the head and the feet is 4℃, exceeding the maximum limit of the ASHRAE requirements 3℃.This illustrates that the cold radiation of the exterior window causes the air flow subside near the window, which increases the temperature difference between the head and the feet when people near window. According to literature [8] , the research shows that people have already started to feel discomfort at this time. When outdoor temperature is -25 ℃, from figure1a and figure2a, the radiation asymmetric caused by exterior window seriously affect the thermal comfort of indoor staff.
No External Thermal Insulation Curtain
According to figure 3 , the cold radiation can enhance the circulation of air flow and indoor natural convection. The airflow velocity was less than 0.2m/s, but it really can cause thermal loss.
Adding External Thermal Insulation Curtain
The indoor air temperature and velocity distribution were simulated only at the lowest outdoor temperature -25 C. From figure 4 and figure 5, after adding the external thermal insulation curtain, we can see that when people is close to the external window, the temperature difference between the head and the feet is no more than 1℃, meeting the maximum limit of the ASHRAE requirement of 3℃, and finally, the thermal comfort requirement of human body is satisfied.
After adding the external thermal insulation curtain, from figure 6, we can see that because the indoor air temperature difference is small, the air flow is relatively uniform, and the indoor air velocity is very small. The cold radiation area of the external glass window barely exists, so the external thermal insulation curtain can well improve the cold radiation effect of the external window. The heat loss contrast value of the external glass window before and after adding external curtain at the outside air temperature of -25 C was shown in TABLE II. From TABLE II, after adding the external thermal insulation curtain, the radiation heat loss of the external glass window was decreased by 49%, and the convective heat loss was decreased by 45%, and the overall heat loss was decreased by 48%. The cold radiation effect of external windows has been greatly improved. 
CONCLUSIONS
(1) After adding external thermal insulation curtain, the indoor air temperature has no obvious stratification phenomenon and the curtain can greatly reduce the indoor asymmetric radiation.
(2) After adding external insulation curtain, the air temperature difference between the head and the feet is not more than 1℃ within 1m close to the outer window. The indoor air temperature difference becomes smaller, the air flow is more uniform, and the indoor air velocity is very small.
(3) The installation of exterior insulation curtain can well solve the cold radiation effect of exterior glass window. Especially it is suitable for energy-saving renovation of some existing buildings and cold areas where the popularization rate of Low-e glass is low due to underdeveloped economy.
